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1
MAGNETIC SEESAW SCANNER

BACKGROUND

Display technology 1s advancing in the areas of aug-
mented reality (AR ) and virtual reality (VR) to provide users
with more immersive visual experiences. For example, in
some AR applications, generated imagery can be displayed
to a user via a transparent display that also allows the user
to view the surrounding physical environment. The gener-
ated 1magery enhances or augments the user’s experience or
knowledge of the surrounding physical environment.

In some implementations a display system may generate
an 1mage that can be spatially propagated from one position
to another position 1n an optical system, typically through an
optical waveguide. For example, in a near-eye display
(NED) device, an optical waveguide made of a substrate can
spatially translate propagating light waves representing
imagery generated by a display engine and convey them
along an optical path toward one or both eyes of a user. Such
technology may be mcorporated into an NED device in the
form of eyeglasses, goggles, a helmet, a visor, or some other
type of head-mounted display (HMD) device or eyewear.

However, for typical NED devices, reproduction of an
image having a wide field of view (FOV) can be difhicult, as
existing display system technologies utilized in the NED
devices are limited 1n their range of motion, thus causing the
resulting generated image to be limited in 1ts FOV. More-
over, existing display system technologies may be limited 1n
theirr axes of motion, resulting in an unrealistic 1mage. As
such, there remain difficulties in generating a wide FOV

image that can produce a realistic augmented experience for
a user of the NED device.

BRIEF DESCRIPTION OF THE DRAWINGS

The Detailed Description 1s described with reference to
the accompanying figures. In the figures, the left-most
digit(s) of a reference number 1dentifies the figure 1n which
the reference number {first appears. The use of similar
reference numbers 1n different instances in the description
and the figures may indicate similar or identical 1tems.

FIGS. 1, 2A, and 2B illustrate an example device that 1s
consistent with some implementations of the present con-

cepts.

FIGS. 3A-6C illustrate example mirror scanning systems
that are consistent with some implementations of the present
concepts.

DETAILED DESCRIPTION

Overview

Certain NED devices, such as HMD devices, can include
optical systems for spatially translating a generated image
from one position to another position, for example from a
light engine to an eye of a user. Such optical systems can
include one or more transparent waveguides arranged so that
they are located directly 1n front of each eye of the user when
the NED device 1s worn by the user, to project light
representing generated images into the eye of the user. In
NED devices that utilize these waveguides, light can propa-
gate through the waveguides over certain internal angles.
Light propagating at some non-zero angle of incidence to a
surface of the waveguide can travel within the waveguide
via a transmissive substrate, bouncing back and forth
between the surfaces via total internal reflection (TIR). With
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2

such a configuration, 1mages generated by the NED device
can be overlaid on the user’s view of the surrounding
physical environment.

One aspect of translating a generated 1mage from one
position to another involves the use of a scanning display
system that can scan light from a light source and perform
reflection of the light about two orthogonal axes in order to
“paint” an 1mage based on the light source. In some 1mple-
mentations, this can be performed by use of a display engine
that can include a microelectromechanical systems
(MEMS)-based scanning system, which can generate a
two-dimensional raster scan image pixel by pixel for each
image iframe. Light emitted from a light engine can be
synchronized with biaxial MEMS mirror drive actuators
which may rotate a mirror system 1n horizontal and vertical
directions to produce viewable images 1n a two-dimensional
FOV.

The mirror system may include a single mirror that can be
driven 1n both horizontal and vertical directions, or may
include two mirrors driven separately in horizontal or ver-
tical directions. In a two-mirror system, for example, a
horizontally scanned mirror may be driven at a relatively
fast rate (e.g., approximately 10 kHz), whereas a vertically
scanned mirror may be driven at a relatively slower rate
(e.g., approximately 60 Hz). The horizontal and vertical scan
rates may at least partially determine the resolution of
images generated at these rates, along with other factors
such as mirror aperture and/or scan angle. That 1s, the biaxial
range of motion of the MEMS muirror can establish the size
of the FOV that the scanning system can generate.

In typical display engines, the MEMS mirror can be
supported by torsion bars that may be used to pivot the
mirror 1n the bi-axel directions necessary to generate the
image. However, the use of torsion bars to secure the mirror
can restrict potential movement of the mirror, and create
undesirable stresses on the overall scanning system, which
may ultimately result in more rapid wear and breakdown of
the system. Furthermore, biaxial scanning systems typically
produce roughly rectangular scanning 1mages, and as such,
spherical scanning 1mages can be diflicult to create 1n these
types of scanning systems.

Additionally, typical display engines may produce images
for propagation to a user’s eye that maintains a common
resolution across the entire 1mage. However, as the human
eye 1s much more accurate in the middle of the eye’s field
of vision than on the periphery of the eye’s field of view,
system processing requirements can be reduced by provid-
ing a scanning system that creates a higher resolution area
focused in the center of the image, with lower resolution on
the outer edges of the image. Because only a portion of the
generated 1mage 1s high resolution, data transfer and power
usage needs can be reduced for the device.

Furthermore, this high-resolution portion of the image
may be movable based on data received from, for example,
an eye tracking component of the NED device. For example,
the eye tracking component can track a user’s eye move-
ment, and the display engine can be configured to appro-
priately change the resolution of the portion of the image
where the user’s eye 1s currently directed.

Accordingly, 1mplementations disclosed herein are
directed to scanning systems that can include a magnetic
assembly for securing the MEMS mirror. In particular, a
permanent magnetic element can support an optical element,
such as a mirrored surface, and the magnetic element can be
held 1n place against a base through magnetic force, rather
than using flexors. Because the magnetic element 1s mag-
netically secured, actuators can be used to mampulate the
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magnetic element, and therefore the mirror, to create a light
beam steering device that can tilt the mirror to any angle.

This configuration can provide a greater range ol movement
than mirror systems that utilize torsion bars to secure the
mirror.

Alternatively, or additionally, other implementations can
be directed to display systems that can utilize a permanent
magnetic element, such as a ball or cylinder. The magnetic
clement can have a flat surface or plurality of flat surfaces
that can act as mirror surfaces, such as by securing optical
clements to all of or a subset portion of the plurality of tlat
surfaces. Thus, the final shape of the magnetic element can
also be something between a ball and a polyhedron, or in the
case that the magnetic element 1s a cylinder, the shape can
be anything between a cylinder and a bar with a polygonal
cross-section or plurality of polygonal cross-sections. Fur-
thermore, the magnetic element can be positioned within an
enclosure surrounded by electromagnetic coils, and the
activation of the coils can be controlled to tilt the magnetic
clement to any angle for purposes of providing the uniaxial
or biaxial range of motion for the mirror.

EXAMPLE DEVICE

FIG. 1 depicts an example NED device 100 which can
implement the present concepts. The NED device 100 may
provide VR and/or AR display modes for a user, 1.e., the
wearer ol the device. To facilitate description, it 15 hence-
forth assumed that the NED device 100 1s an HMD device
designed for AR visualization.

As depicted 1n FIG. 1, NED device 100 can include a

chassis 102, along with a protective visor 104, left side arm
1061, and right side arm 106R, which all may be mounted
to chassis 102. Visor 104 may be a transparent material that
can form a protective enclosure for various display elements
coupled to the visor that are discussed below. Chassis 102
may provide a mounting structure for visor 104 and side
arms 1061 and 106R, and may be further connected to an
adjustable headband 108 that enables wearing of NED
device 100 on a user’s head. An optical system 110 mounted
to chassis 102 and enclosed within protective visor 104 can
generate 1mages for AR visualization, and 1s described 1n
greater detail below.
In one implementation, optical system 110 may include a
light engine 112, which may generate light waves represent-
ing the image for displaying via NED device 100. Light
engine 112 may be any sort of device capable of emitting
light, such as one or more light emitting diodes or laser
diodes. Optical system 110 may also include a display
engine 114 for consolidating light waves generated by light
engine 112 and directing the light waves as appropriate. In
one 1implementation, display engine 114 may be a MEMS-
based scanning system (shown 1n FIG. 3) that can utilize an
optical element capable of deflection about two orthogonal
axes, or 1n some 1mplementations, can utilize multiple
optical elements that deflect on only one axis to provide
additional functionality.

For example, in one implantation, there may be a com-
bination of biaxial and uniaxial optical elements that can be
used to produce a non-uniform i1mage that can be used for
AR wvisualization, and the non-uniform image may have
portions of higher resolution that can follow the position of
the user’s eye. That 1s, a horizontally fast scanning mirror
system could be combined with a biaxial slow scanning
mirror, which can be biased to follow the eye while scanning,
the vertical axis. In certain instances, such implementations
may require a second display engine that can be used to
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4

generate the lower resolution portions of the image, where
the 1mage generated by the second display engine can be
combined with the high-resolution 1image. Alternatively, the
position of an 1mage from another kind of microdisplay
device (e.g. OLED, MicroLED, LCOS, DLP, or a combi-
nation of thereof) could be further axially rotated with a
suitable lens system and the biaxial slow scanning mirror.

In one implementation, the optical element may be a
reflective mirror. Display engine 114 may include a mag-
netic assembly 116, which may be utilized to control posi-
tioning of the optical element to enable movement of the
optical element to enable proper detlection of the light
received from light engine 112, 1n order to properly generate
the two-dimensional raster image.

Protective visor 104 and/or chassis 102 may also house
controller 118, which may include various components for
providing functionality to NED device 100. In one imple-
mentation, controller 118 may include various components
such as a processing unit 120, a memory 122 accessible to
the processing unit 120 for storing processor readable
instructions and data, and a communication unit 124 com-
municatively coupled to the processing umt 120 which can
act as a network interface for connecting the NED device to
another computer system. Controller 118 may provide com-
mands and instructions to optical system 110 for generating
images for AR visualization, and 1n some implementations,
can also receive eye tracking information that can be used by
processing unmit 120 to perform foveated rendering of
images. Such eye tracking information can be provided from
an eye tracking unit 126.

Processing unit 120 may include one or more processors
including a central processing unit (CPU) and/or a graphics
processing unit (GPU). Memory 122 can be a computer-
readable storage media that may store mnstructions for execu-
tion by processing unit 120, to provide various functionality
to NED device 100. Finally, a power supply 128 can provide
power for the components of controller 118 and the other
components of NED device 100, such as optical system 110
and additional components that may be included in NED
device 100, such as 1mage capture devices (e.g. cameras),
audio devices (e.g. microphones and speakers), and location/
motion capture devices (e.g. accelerometers).

FIGS. 2A and 2B depict, in accordance with certain
implementations, right side and front orthogonal views,
respectively, ol aspects that may be part of optical system
110 and may be contained within protective visor 104 of
NED device 100 for propagation of imagery toward a user’s
eye 202. During operation of NED device 100, the display
components can be positioned relative to the user’s left eye
202L and night eye 202R as shown. The display components
can be mounted to an interior surface of the chassis 102,
which 1s shown in cross-section 1n FIG. 2A.

The display components can be designed to overlay
three-dimensional 1mages on the user’s view of his real-
world environment, e.g., by projecting light into the user’s
eyes. Light waves from light engine 112 may be directed by
way of display engine 114 utilizing magnetic assembly 116,
such that the light can be projected into the user’s eyes.
Furthermore, optical system 110 may be connected via a
flexible circuit connector 204 to controller 118 for control-
ling the generation of light waves. For example, controller
118 may 1ssue 1nstructions to optical system 110 to create a
foveated image that follows the user’s eye movement, using
eye tracking information provided by eye tracking unit 126.

The display components can further include a wavegude
carrier 206 to which optical system 110 can be mounted.
Waveguide carrier 206 may include one or more waveguides
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208 stacked on the user’s side of the waveguide carrier 206,
for each of the left eye and right eye of the user. The
waveguide carrier 206 may have a central nose bridge
portion 210, from which 1ts left and right waveguide mount-
ing surfaces can extend. One or more waveguides 208 can
be stacked on each of the left and nght waveguide mounting
surfaces of the waveguide carrier 206, for receiving light
emitted from light engine 112 and steered by display engine
114. The waveguides 208 can project such light into user’s
left eye 202L and right eye 202R of the user. Optical system
110 can be mounted to chassis 102 through a center tab 212
located at the top of waveguide carrier 206 over the central
nose bridge portion 210.

FIG. 3A depicts an example display engine 114A. As
discussed above, display engine 114A may be a MEMS
scanning system that may utilize an optical element 302 to
perform biaxial deflection of light. In certain implementa-
tions, optical element 302 may be a mirror formed of any
suitable specular reflector that can reflect light. The reflec-
tive surface of optical element 302 may be planar, or in
certain 1implementations, may be convex or concave. Dis-
play engine 114 A may be photolithographically formed 1n a
substrate 304 using MEMS micromachining and semicon-
ductor fabrication techniques.

The substrate 304, such as silicon may be fabricated to
include a frame 306 having electrical contacts 308. The
number and arrangement of electrical contacts 308 1s shown
by way of example only, and may vary in certain imple-
mentations. The substrate may be etched or otherwise pho-
tolithographically developed to define a first pair of torsion
bars 310 enabling pivoting of a securing frame 312 about the
y-ax1is with respect to the frame 306. The substrate may also
be etched or otherwise photolithographically developed to
define a second pair of torsion bars 314 enabling pivoting of
the optical element 302 about the x-axis with respect to the
securing frame 312. In certain implementations, torsion bars
310 and/or 314 can be flexures that are capable of twisting
or tlexing to provide tilting or steering movement to secur-
ing frame 312 and/or optical element 302.

Controller 118 may provide instructions to display engine
114 A via one or more of electrical contacts 308. However,
it 1s understood that display engine 114 A may be electrically
coupled to controller 118 by a varniety of other means.
Display engine 114A may further include actuators 316,
which may be driven by controller 118. Actuators 316 can be
configured to detlect optical element 302 about the x and y
rotational axes, respectively. As depicted, a single optical
clement 302 situated on a dual-axis mount can be deflected
about orthogonal rotational axes. In other implementations,
the same eflect can be achieved using two optical elements
302 arranged 1n series, where each optical element 302 can
be situated on a single-axis mount.

Actuators 316 may operate according to a variety of
technologies to cause pivoting of optical element 302 at the
torsion bars 310 and/or 314. For example, actuators 316 may
for example be piezoelectric, electromagnetic, or electro-
static transducers. Controller 118 can be configured to apply
a drive signal (voltage or current) to each of the actuators to
thereby provide the desired detlection of optical element 302
about the x and y axes. The amount of force applied by the
actuators can be adjusted, thereby adjusting the tension 1n
torsion bars 310 and/or 314, which can thereby adjust the
resonant frequency of optical element 302. However, the use
of torsion bars 310 and 314 reduces the movement range of
optical element 302, and a large amount of force applied by
the actuators to the torsion bars can result in excessive strain
placed on the torsion bars.
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FIG. 3B depicts an example display engine 114B that can
provide similar functionality to display engine 114 A, but can

avoild the use of torsion bars and enable a wide range of
movement of the optical element. As depicted 1n FIG. 3B,
display engine 114B can include a magnetic assembly 116
that can be used to provide the desired deflection of optical
clement 302 about the x and vy axes. In particular, magnetic
assembly 116 can be used to replace the joining of optical
clement 302 to frame 306 by way of torsion bars. Rather, a
base 318, which 1n some 1implementations can be a perma-
nent magnetic base, can be atlixed directly to frame 306, and
a permanent magnetic element 320 can be secured to the
base through magnetic force. Furthermore, optical element
302 can be positioned over magnetic element 320, such as
by being aflixed to the magnetic element. Upon receiving
commands from controller 118, actuators 316 may be used
to deflect magnetic element 320 (and therefore optical
clement 302) in a biaxial motion about base 318 by applying
varying degrees of magnetic force among the actuators,
thereby controlling the tilt of magnetic element 320 by
magnetically interacting with the magnetic element.

This can enable optical element 302 to be positioned
anywhere on the surface of base 318, providing a wider
range of tilting motion than what can be achieved by way of
display engine 114A. Thus, the use of magnetic assembly
116 can provide a display engine that can produce a wider
range of motion than typical display engines. Furthermore,
magnetic assembly 116 can be used to provide a more
spherical or elliptical FOV 1mage rather than the roughly
rectangular scan image that 1s produced by more typical
display engines, as the optical element can be positioned 1n
a large degree of angles for purposes of reflecting light from
light engine 112. Additionally, 1n certain implementations,
magnetic assembly 116 can be used to translate the position
of an otherwise generated spherical or elliptical FOV image
to be centered to the user’s central vision based at least on
the user’s eye positions as defined by eye tracking unit 126.
The following paragraphs provide a more detailed discus-
sion regarding example i1mplementations of magnetic
assembly 116.

Example Magnetic Assemblies

FIGS. 4A-4H and 3SA-5C collectively depict example
implementations ol magnetic assembly 116 that can be used
by NED device 100. As depicted in FIG. 4A, magnetic
assembly 116 A may include a frame 306, and a plurality of
actuators 316 may be positioned relative to frame 306. For
example, actuators 316 may be positioned on top of frame
306, or may be disposed within frame 306. In certain
implementations, actuators 316 may be electromagnetic
coils, however, 1t 1s to be appreciated that other types of
magnetic actuators may be used. Furthermore, in certain
implementations, three or four (or more) actuators may be
disposed in connection with frame 306.

A base 318 may be a permanent magnet that can be fixed
on top of frame 306, and 1n certain implementations, may be
a magnetic halif-sphere that has a magnetic pole at the top of
the sphere. However, it 1s to be appreciated that other shapes
can be utilized for base 318, examples of which will be
described 1n subsequent figures. A magnetic element 320,
which also may be a permanent magnet, can then be attached
to base 318 and held in place by magnetism, such that
magnetic element 320 can be centered on the top of base 318
at a pivot position. A top surface ol magnetic element 320
can be fashioned with an optical element 302, which may be
a reflective surface such as a mirror that can reflect light
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emitted from light engine 112. In certain implementations,
magnetic element 320 may be a magnetic disc, however, 1t
1s to be appreciated that other shapes can be utilized for
magnetic element 320, examples of which will be described
in subsequent figures. Thus, magnetic element 320 (and
therefore optical element 302) can be held 1n place though
magnetism without the need to utilize torsion bars.

Based at least on the positioming of magnetic element 320
on base 318, actuators 316 may be individually actuated, or
actuated 1n combination with other actuators, in order to
generate appropriate magnetic fields such that the tilt of
magnetic element 320 can be adjusted. As such, biaxial
tilting of optical element 302 can be achieved by varying the
amount of force applied by actuators 316, and the position-
ing of magnetic element 320 on base 318 can be directly
controlled by way of dnive activator instructions that may be
1ssued by, for example, controller 118.

FIG. 4B depicts example tilting motions that can be
achieved using magnetic assembly 116A. As depicted 1n
FIG. 4B, magnetic element 320 can be tilted atop base 318,
such as to achieve tilt angle 402 A upon actuation of certain
of actuators 316, or to achieve tilt angle 402B upon actuation
of certain of actuators 316. It 1s to be appreciated that tilt
angles 402A and 402B are only examples, and a wide range
of biaxial motions can be achieved based at least on the
actuation of certain of actuators 316.

FIG. 4C depicts an alternate magnetic assembly 116B,
which can be utilized to provide movement about a single
axis. As depicted 1n FIG. 4C, base 318 may be a magnetic
half cylinder, having magnetic poles at the cylinder ends. A
magnetic element 320, such as a magnetic disc, can then be
positioned on top of base 318, and the top of magnetic
clement 320 can have aflixed thereto an optical element 302.
As such, magnetic element 320 can stick to the center of the
cylinder and can be held 1n place magnetically without the
need to support structures such as torsion bars or beams.
Similar to FIG. 4B, FIG. 4D depicts the various tilt angles
that can be performed in response to actuation of actuators
316, where tilt angles 402 A and 402B are example t1lt angles
that can be achieved by rotating magnetic element 320 over
the top of base 318.

FIG. 4E depicts an alternate magnetic assembly 116C,
which can be utilized to provide greater control over the
resonant frequency exhibited by magnetic element 320 and
subsequently optical element 302. As depicted 1n FIG. 4E,
bases 318A and 318B can be magnetically attached to each
other, for purposes ol serving as base 318. In certain
implementations, base 318A may be a permanent magnetic
half-cylinder that 1s fixed to frame 306, while base 318B
may be a permanent magnetic cylinder that 1s not fixed to
frame 306. Base 318B can be magnetically held on top of
base 318A, and magnetic element 320 can then be posi-
tioned on top of base 318B, with the top of magnetic element
320 having aihixed thereto an optical element 302.

Upon actuation of actuators 316, both base 318B and
magnetic element 320 may be influenced by the magnetic
field, and may move 1n combination, such that base 318B
moves across the surface of base 318A, and magnetic
clement tilts on the surface of base 318B. Due to the dual
movement of both base 318B and magnetic element 320, the
resonant frequency dynamics associated with optical ele-
ment 302 can be changed.

FIG. 4F depicts an alternative magnetic assembly 116D,
having a frame 306 where actuators 316 (only one of which
1s labelled for clarity purposes) may be fixed on top of frame
306, or alternatively disposed within frame 306. In contrast
to the implementations shown 1n FIGS. 4A-4E, in magnetic
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assembly 116D, base 318 may be a non-magnetic base, such
as a sphere, and magnetic element 320 containing optical
clement 302 may be held at a pivot point position on top of
base 318 by a permanent magnetic securing element 404 that
may be disposed within frame 306. In one implementation,
securing element 404 can be a magnet, which exerts a
magnetic force on magnetic element 320 to hold magnetic
clement 320 at a central pivot position on base 318.

It 1s to be appreciated that base 318 i1s not limited to a
spherical structure, and can be any type of structure, such as
a non-magnetic pyramid or a non-magnetic cone, as
depicted 1mn FIG. 4G, depicting an alternative magnetic
assembly 116E utilizing a cone-shaped base 318, where
magnetic element 320 can be positioned on a point of base
318.

FIG. 4H depicts an alternative magnetic assembly 116F,
having a frame 306 where actuators 316 may be disposed
within frame 306. In magnetic assembly 116D, actuators 316
may be permanently magnetic biased cores of electromag-
netic coils, and can provide varying degrees of magnetic
force to magnetic element 320. Thus, magnetic element 320
and subsequently optical element 302 can be secured atop
base 318, which may be a non-magnetic base, such as a
sphere, a cone, or a pyramid. Thus, magnetic element 320
containing optical element 302 may be held at a pivot point
position on top of base 318 by varying degrees of magnetic
force applied by actuators 316 that can be disposed within
frame 306.

FIG. SA depicts an alternative magnetic assembly 116G,
having a frame 306 that can provide an enclosure for a
magnetic element 320. In one implementation, magnetic
clement 320 may be a magnetic ball that 1s secured within
a ball-shaped enclosure defined by frame 306, and may have
a diameter between 1-10 millimeters, for example. Magnetic
clement 320 may include a flat surface of the element, which
may be reflectively coated and serve as an optical element
302, which in some implementations may be a mirror. It 1s
to be appreciated that magnetic element 320 1s not limited to
a magnetic ball, and may be a variety of shapes, as discussed
in detail below with respect to FIGS. 6A-6C. By securing
magnetic element 320 1n an enclosure of frame 306, securing
magnets (such as base 318 or securing element 404) can be
climinated, as magnetic element 320 can be secured within
the enclosure of frame 306.

Frame 306 can be made up of a number of subirames,
which 1n some implementations may be a multilayered
printed circuit board (PCB). PCB stacks can be developed
that would create an enclosure for securing magnetic ele-
ment 320. Furthermore, frame 306 can have disposed within
a number of actuators 316 (not shown in FIG. 5A for ease
of viewing, but depicted in later figures), such as electro-
magnetic coils, that can be positioned 1n close proximity to
magnetic element 320. For example, each PCB could have
an actuator manufactured into the board, and when the PCB
stack 1s used to create frame 306, the actuators can surround
magnetic element 320 1n a biaxial fashion. By actuation of
the actuators disposed within frame 306, magnetic element
320 can spin within the enclosure of frame 306, as depicted
in FIG. 5B. This design can allow the distance between the
magnetic element 320 and the actuators 316 to be mini-
mized, which may result in added etliciency in the magnetic
assembly.

FIG. 53C depicts an example frame 306 that can be
manufactured to provide an enclosure 502 for magnetic
clement 320. As depicted, magnetic element 320 may rest
within enclosure 502, and may be capable of spinning within
enclosure by known means of allowing a ball or other such
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shape to freely spin and rotate within an enclosure, such as
by utilizing ball bearings (not shown) or by floating 1n a
liquid. Frame 306 may have disposed within a plurality of
actuators 316, which may be positioned at various points
within frame 306 and surrounding enclosure 502. While
FIG. 5C only depicts actuators on the x/y axes, 1t 1s to be
appreciated that actuators may also extend into the z axis,
thereby providing a full surrounding of enclosure 502 within
frame 306. Consequently, actuators 316 may be actuated to
enable biaxial spinning of magnetic element 320 within
enclosure 502, allowing optical element 302 to be positioned
as desired to ensure proper deflection of light from light
engine 112.

FIG. 5D depicts an alternate view of magnetic element
320 having optical element 302 on a flat surface of magnetic
element 320. As noted 1n the discussion of FIG. 5C, enclo-
sure 302 may surround magnetic element 320, and actuators
316 may surround enclosure 502 in all three dimensions.
This 1s shown 1n FIG. 5D, where actuators 316 surround
enclosure 3502 and magnetic element 320, with certain
actuators toward the front represented larger than actuators
in the back, as they extend further down the z axis.

As noted above, in some 1mplementations, magnetic
clement 320 1s not limited to a ball-shape, and instead may
be any shape having one or more flat surfaces, where the
shape 1s capable of freely rotating inside an enclosure for
uniaxial or biaxial motion. For example, magnetic element
320 may having a shape similar to a polyhedron, as depicted
in FIG. 6A. That 1s, magnetic element 320 may have a
plurality of flat surfaces 602, and a plurality of curved
surfaces 604 that may allow the magnetic element to freely
rotate within an enclosure.

Alternatively, 1n some 1mplementations, magnetic ele-
ment 320 may be a cylinder, such as depicted 1n FIG. 6B,
where the cylinder has flat surfaces 602 located at certain
portions on the cylinder, while retaining curved surfaces 604
to allow the cylinder to freely rotate umiaxially within a
cylindrical-shaped enclosure to tilt flat surfaces 602 into
appropriate positions. Alternatively, as depicted in FIG. 6C,
magnetic element 320 may have multiple portions of flat
surfaces, such as flat surface 602A located at a muddle
portion, and flat surface 602B located at a distal end of
magnetic element 320. Furthermore, flat surfaces 602A and
6028 may be capable of freely rotating independently of one
another, such as by locking and unlocking certain portions of
magnetic element 320 from one another. Thus, display
engine 114 may utilize optical elements associated with flat
surfaces 602A or 6028, or both, depending on needs of the
display engine. It 1s to be appreciated that a plurality of
optical elements 302 would be secured on flat surfaces 602,
but are not depicted 1n the FIGS. 6 A-6C for clarity purposes.

It 1s to be appreciated that any of the preceding imple-
mentations can be utilized 1n combination with a second
scanning system, such as a rotary fast scanner. That 1s, the
magnetic assemblies disclosed herein can be used 1n place of
a 1D/2D slow scanner, and a 1D/2D fast scanner may utilize
a typical MEMS scanner that 1s used on combination with
the magnetic assembly.

Furthermore, the use of a magnetic assembly as disclosed
herein, when used 1n combination with an alternate scanning,
system, can provide eye tracking for the NED device. For
example, an eye tracking component of the NED device (not
depicted) can be used to track a user’s eye, and the magnetic
clement can be adjusted to track the movement of the user’s
eye. This can be beneficial for allowing the mtroduction of
foveation to the generated image. Because the NED device
can determine where the user 1s looking, the device can
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provide higher resolution 1magery at the center location of
the user’s vision, while requiring less pixel density on the

outer sections of the image that correspond to the user’s
peripheral vision.

DEVICE IMPLEMENTATIONS

As noted above with respect to FIG. 1, NED device 100
may include several components and/or devices, including
an optical system 110, and a controller 118. As also noted,
not all device implementations can be 1llustrated, and other
device implementations should be apparent to the skilled
artisan from the description above and below.

The term “device”, “computer,” “computing device,”
“client device,” “server,” and or “server device” as possibly
used herein can mean any type of device that has some
amount ol hardware processing capability and/or hardware
storage/memory capability. Processing capability can be
provided by one or more hardware processors (e.g., hard-
ware processing units/cores) that can execute computer-
readable 1nstructions to provide functionality. Computer-
readable mstructions and/or data can be stored on persistent
storage or volatile memory. The term “system” as used
herein can refer to a single device, multiple devices, etc.

Memory 122 can be storage resources that are internal or
external to any respective devices with which 1t 1s associ-
ated. Memory 122 can include any one or more of volatile
or non-volatile memory, hard drives, tlash storage devices,
and/or optical storage devices (e.g., CDs, DVDs, etc.),
among others. As used herein, the term “computer-readable
media” can include signals. In contrast, the term “computer-
readable storage media” excludes signals. Computer-read-
able storage media includes “computer-readable storage
devices.” Examples of computer-readable storage devices
include volatile storage media, such as RAM, and non-
volatile storage media, such as hard drives, optical discs, and
flash memory, among others, which may constitute memory
122.

In some cases, the devices are configured with a general-
purpose hardware processor and storage resources. In other
cases, a device can 1nclude a system on a chip (SOC) type
design. In SOC design implementations, functionality pro-
vided by the device can be mntegrated on a single SOC or
multiple coupled SOCs. One or more associated processors
can be configured to coordinate with shared resources, such
as memory, storage, etc., and/or one or more dedicated
resources, such as hardware blocks configured to perform
certain specific functionality. Thus, the term “processor,”
“hardware processor” or “hardware processing unit” as used
herein can also refer to central processing units (CPUs),
graphical processing units (GPUs), holographic processing
units (HPUs), controllers, microcontrollers, processor cores,
or other types of processing devices suitable for implemen-
tation both 1n conventional computing architectures as well
as SOC designs.

Alternatively, or in addition, the functionality described
herein can be performed, at least in part, by one or more
hardware logic components. For example, and without limi-
tation, 1llustrative types of hardware logic components that
can be used include Field-programmable Gate Arrays (FP-
GAs), Application-specific Integrated Circuits (ASICs),
Application-specific Standard Products (ASSPs), System-
on-a-chip systems (SOCs), Complex Programmable Logic
Devices (CPLDs), etc.

In some configurations, any of the modules/code dis-
cussed herein can be implemented in software, hardware,
and/or firmware. In any case, the modules/code can be
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provided during manufacture of the device or by an inter-
mediary that prepares the device for sale to the end user. In
other instances, the end user may install these modules/code
later, such as by downloading executable code and 1nstalling
the executable code on the corresponding device.

Also note that the components and/or devices described
herein can function 1n a stand-alone or cooperative manner
to implement the described techniques. For example, the
methods described herein can be performed on a single
computing device and/or distributed across multiple com-
puting devices that communicate over one or more net-
work(s). Without limitation, such one or more network(s)
can include one or more local area networks (LANs), wide
area networks (WANs), the Internet, and the like.

Various device examples are described above. Additional
examples are described below. One example includes a
device comprising a controller, a light source, and a display
system comprising: a frame for securing a magnetic element,
the magnetic element being secured without using torsion
bars to connect the magnetic element to the frame, an optical
clement disposed over a surface of the magnetic element,
and a plurality of actuators disposed on or within the frame,
wherein actuation of the actuators by the controller adjusts
a tilt of the optical element by magnetically interacting with
the magnetic element to reflect light from the light source.

Another example can include any of the above and/or
below examples where the actuators are electromagnetic
coils.

Another example can include any of the above and/or
below examples where the device turther comprises a base
fixed to the surface of the frame, wherein the magnetic
clement 1s magnetically secured to the base.

Another example can include any of the above and/or
below examples where the base 1s a permanent magnetic
base and the magnetic element 1s magnetically secured to a
top of the base.

Another example can include any of the above and/or
below examples where the permanent magnetic base 1s a
half-sphere, halt-cylinder, cone, or pyramid.

Another example can include any of the above and/or
below examples where the base 1s a first permanent mag-
netic base, and a second permanent magnetic base 1s mag-
netically secured to a top of the first permanent magnetic
base, and the magnetic element 1s magnetically secured to a
top of the second permanent magnetic base.

Another example can include any of the above and/or
below examples where the base 1s a non-magnetic base.

Another example can include any of the above and/or
below examples where the frame has disposed within a
permanent magnetic securing element that magnetically
secures the magnetic element to the non-magnetic base.

Another example can include any of the above and/or
below examples where the magnetic element 1s secured
within an enclosure of the frame.

Another example can include any of the above and/or

below examples where the actuators surround the enclosure
of the frame.

Another example can include any of the above and/or
below examples where the enclosure 1s a ball-shaped enclo-
sure, and the magnetic element 1s a magnetic ball positioned
within the ball-shaped enclosure.

Another example can include any of the above and/or
below examples where the enclosure 1s a cylindrical-shaped
enclosure, and the magnetic element 1s a magnetic cylinder
positioned within the cylindrical-shaped enclosure.
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Another example can include any of the above and/or
below examples where the magnetic element has a plurality
of flat surfaces.

Another example can include any of the above and/or
below examples where the controller 1s configured to control
actuation of the actuators to adjust a tilt of the magnetic
clement.

Another example can include any of the above and/or
below examples where the tilt of the magnetic element 1s
controlled to follow an eye position of a wearer of the
device.

Another example can include any of the above and/or
below examples where the frame 1s a multilayered printed
circuit board, and the actuators are manufactured into the
multilayered printed circuit board.

Another example 1includes a device comprising a control-
ler and a display engine configured to direct light from a
light engine to an optical waveguide for propagation through
the device, the display engine including a magnetic assem-
bly comprising: a frame defining an enclosure, a magnetic
clement secured within the enclosure, the magnetic element
having at least one optical element secured to the magnetic
clement, and a plurality of actuators surrounding the enclo-
sure, wherein actuation of the actuators by the controller
causes the magnetic element to move magnetically within
the enclosure for positioning the optical element to direct the
light to the optical waveguide.

Another example can include any of the above and/or
below examples where the magnetic element 1s a magnetic
ball or cylinder.

Another example can include any of the above and/or
below examples where the magnetic element has a plurality
of flat surfaces, and the plurality of flat surfaces have a
plurality of optical elements secured thereto.

Another example can include any of the above and/or
below examples where movement of the magnetic element
1s controlled to follow an eye position of a wearer of the
device.

Another example includes a device comprising a light
engine configured to produce light waves corresponding to
an 1image and a display engine configured to direct the light
waves through at least one optical waveguide; the display
engine including a magnetic assembly for deflecting the
light waves and the magnetic assembly including at least one
optical element aflixed to a top of a magnetic element, the
magnetic element being secured to a frame without using
torsion bars.

Another example can include any of the above and/or
below examples where the magnetic element 1s secured to
the frame by being magnetically held 1n a pivot position over
a base aflixed to a top of the frame.

Another example can include any of the above and/or
below examples where the base 1s a permanent magnetic
base.

Another example can include any of the above and/or
below examples where the permanent magnetic base 1s a
half-sphere, half-cylinder, cone, or pyramaid.

Another example can include any of the above and/or
below examples where movement of the magnetic element
1s controlled to follow an eye position of a wearer of the
device.

Another example includes a frame defining an enclosure,
a magnetic element secured within the enclosure, the mag-
netic element having an optical element aflixed to a top of
the magnetic element, and a plurality of actuators surround-
ing the enclosure, where actuation of the actuators causes the
magnetic element to move magnetically within the enclosure
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CONCLUSION

Although the subject matter has been described in lan-
guage specific to structural features and/or methodological
acts, 1t 1s to be understood that the subject matter defined 1n
the appended claims 1s not necessarily limited to the specific
teatures or acts described above. Rather, the specific features
and acts described above are disclosed as example forms of
implementing the claims and other features and acts that
would be recognized by one skilled 1n the art are mntended to
be within the scope of the claims.

The 1nvention claimed 1s:

1. A device comprising;:

a controller;

a light source; and

a display system comprising:

a magnet having a ball shape with a flat surface;

a frame including a ball-shaped enclosure for enclosing
the magnet, the magnet being secured to the frame
within the ball-shaped enclosure without using tor-
sion bars to connect the magnet to the frame;

an optical element disposed over the flat surface of the
magnet; and

a plurality of actuators disposed on or within the frame,
wherein actuation of the actuators by the controller
adjusts a tilt of the optical element by magnetically
interacting with the magnet to reflect light from the
light source.

2. The device of claiam 1, wherein the actuators surround
the ball-shaped enclosure of the frame.

3. The device of claim 1, wherein the magnet 1s capable
of moving within the ball-shaped enclosure by utilizing ball
bearings or by floating 1 a liquid.

4. The device of claim 1, wherein the optical element
includes a mirror.

5. The device of claim 1, wherein the actuators surround
the ball-shaped enclosure 1n three dimensions.

6. The device of claim 1, wherein the actuators include
clectromagnetic coils.

7. The device of claim 1, wherein the light source 1s
configured to produce light waves corresponding to a source
1mage.
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8. The device of claim 1, wherein the controller 1s
configured to tilt the magnet by applying varying degrees of
magnetic forces among the actuators.

9. The device of claim 1, wherein the controller 1s
configured to tilt the optical element 1n a biaxial range of
motion.

10. The device of claim 1, wherein the controller 1is
configured to control the actuation of the actuators to adjust
a tilt of the magnet.

11. The device of claim 10, wherein the controller is
configured to tilt the magnet to follow an eye position of a
wearer ol the device.

12. The device of claim 1, wherein the magnet has a
plurality of flat surfaces.

13. The device of claim 12, wherein the plurality of flat
surfaces have a plurality of optical elements secured thereto.

14. The device of claim 1, wherein the display system 1s
configured to direct the light from the light source to an
optical waveguide for propagation.

15. The device of claim 14, wherein the controller 1s
configured to actuate the actuators to magnetically cause the
magnet to move within the enclosure for positioning the
optical element to direct the light from the light source to the
optical waveguide.

16. The device of claim 1, wherein the light emitted from
the light source 1s synchronized with the actuation of the
actuators to move the optical element in horizontal and
vertical directions to produce a viewable 1image 1 a two-
dimensional field of view (FOV).

17. The device of claim 16, wherein a resolution of the
viewable 1mage 1s based on at least on a horizontal scan rate
and a vertical scan rate.

18. The device of claim 16, wherein the FOV 1s a
spherical or elliptical.

19. The device of claim 16, wherein the viewable 1mage
1s a foveated 1mage.

20. The device of claam 19, wherein a high resolution
portion of the foveated 1mage 1s movable based on an eye
position.
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